Carpal tunnel syndrome (CTS) is the most common mononeuropathy caused by entrapment of the median nerve at the wrist. Common treatment options for CTS include oral analgesics, splinting, hand therapy, local injections with steroids or surgery. Objective: The aim of the present study was to assess the short-term clinical and electrophysiological outcomes of local corticosteroid injection (LCI) in patients with symptomatic CTS. Methods: Electrophysiological parameters were evaluated before and three months after LCI. Moreover, the Numeric Rating Scale (NRS), the Boston Symptom Severity Scale (SSS) and the Functional Status Scale (FSS) were administered before and after the injection. A mixture of 1 mL (40 mg) of methylprednisolone and 1 mL of 0.5% bupivacaine were injected blindly on the volar side of the forearm between the tendons of the radial carpal flexor muscle and long palmar muscle. Results: A total of 25 patients (45 hands) were enrolled in the study. Twenty women and five men with a mean age of 49.28 ± 11.37 years were included. A statistically significant difference was noted for improvement of sensory conduction velocities, sensory peak latency, and motor distal latency (p = 0.001) after LCI. A significant difference was recorded between pre-and post-injection for NRS, SSS and FSS scores (p = 0.000). Conclusion: Local corticosteroid injection for CTS provides a short-term improvement in neurophysiological and clinical outcomes such as pain intensity, symptom severity and functional ability.
Carpal tunnel syndrome (CTS) is caused by entrapment of the median nerve travelling inside the carpal tunnel at the wrist. It is known as the most common focal entrapment mononeuropathy and represents 90% of all peripheral neuropathies 1 . The median nerve compression leads to nerve ischemia and results in alteration of neural conduction and nerve damage 2 . Patients with CTS typically complain of nighttime burning, paresthesias, and "pins-and-needles" pain in the fingers throughout the median nerve sensory distribution. Obesity, occupational exposure, older age, trauma, inflammatory rheumatic disorders, pregnancy, endocrine conditions such as hypothyroidism, acromegaly and diabetes mellitus, that reduce the carpal tunnel area or swell its contents, are risk factors for CTS 3, 4, 5 .
Examination of patients with CTS may reveal sensory complaints in the median-innervated digits and slight weakness of thumb abduction. Clinical testing for CTS includes provocation tests such as the Tinel's sign test (lightly tapping the flexor retinaculum) and Phalen test (increasing pressure in the carpal tunnel by wrist flexion for a minute). Electrophysiological nerve conduction tests and electromyography are widely used to determine median nerve compression severity. Carpal tunnel syndrome is diagnosed with a combination of symptoms, signs and nerve conduction testing 6 .
Treatment options for CTS are wrist splinting, non-steroidal anti-inflammatory drugs, diuretics, therapeutic ultrasound, local corticosteroid injections (LCIs) and carpal tunnel release surgery 7 . Although a high number of treatment modalities exist and are routinely used in the treatment of CTS, there are no accepted consensus guidelines for the treatment protocol of CTS. Carpal tunnel release surgery, cutting through the flexor retinaculum to reduce the pressure on the median nerve, is widely performed in severe cases where conservative treatments have failed. Even though carpal tunnel release surgery is mostly recommended for refractory cases, it has been observed that some patients may refuse to undergo carpal tunnel release surgery despite persistent symptoms after conservative therapy 8, 9 . Because of technical advances in sonography examinations, ultrasound-guided carpal tunnel injections have become popular lately in selected patients. Ultrasound-guided injections for CTS may provide several clinical benefits such as locating the median nerve, and sonograms are non-invasive and convenient. However, to date, results of studies comparing the ultrasound-guided and blind injections for the treatment of CTS have been scarce.
Local corticosteroid injections generally contribute to greater clinical improvement in patients with mild-to-moderate CTS 7, 9, 10 . However, research evaluating the efficacy of LCIs is still under debate and a definitive consensus for the patients with severe CTS has not yet been reported 7 . In this study, we aimed to investigate the short-term clinical and electrophysiological outcomes and effectiveness of LCI on pain, sensory symptoms, and hand function in patients with mild, moderate and severe CTS.
METHODS

Participants
This retrospective cohort study was approved by the ethics committee of the University of Health Sciences, Sisli Hamidiye Etfal Research and Training Hospital, Istanbul, Turkey (Study Protocol Number: 1890) and was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants. Consecutive patients with CTS who were admitted to our pain clinic during a 12-month period from June 2017 to June 2018 were enrolled in the study. Diagnosis of CTS was made on the basis of clinical symptoms, provocation tests (the Tinel's sign test, Phalen test, reverse Phalen test, and carpal compression test), electrophysiological findings and imaging studies of cervical structures to exclude other medical conditions if necessary. Only those patients who had not undergone any previous carpal tunnel releasing surgery were included. Furthermore, the patients with severe CTS according to electrodiagnostic findings were those who had refused surgery.
Inclusion criteria were: 1) patients' age older than 18 years; 2) nocturnal paresthesia; symptomatic relief after shaking the hands; pain, paresthesia or sensory symptoms in the area of the median nerve over the thumb and fingers;
3) symptoms for longer than one month; 4) idiopathic CTS; 5) mild to severe CTS, according to the CTS electrophysiological severity scale 11 .
Patients with the absence of median motor and sensory response in electrodiagnostic tests, patients with peripheral polyneuropathy, patients who had undergone previous surgery or LCI of the affected wrist, pregnant patients, and patients with cognitive impairment or other psychiatric disorders were excluded.
The patients' demographic characteristics: age, sex, income, education; hand dominance; symptoms such as numbness, pain, weakness, paresthesia; alleviating factors; onset of symptoms; additional disorders; history of trauma; neurological examinations; and post-injection complications were recorded.
A change in pain severity on the Numerical Rating Scale (NRS) was used to assess the response to the LCIs. The Boston Carpal Tunnel Syndrome Questionnaire, developed by Levine et al. 12 , was used to evaluate the severity of symptoms and functional status. The Boston Carpal Tunnel Syndrome Questionnaire has two sections: the Symptom Severity Scale (SSS) with 11 questions and the Functional Status Scale (FSS) with eight questions, which are completed by the patient. Every section contains five separate responses graded from 1 to 5 points. The Turkish translation of the Boston Carpal Tunnel Syndrome Questionnaire, whose validity and reliability had been assessed and confirmed by Sezgin et al. 13 , was administered.
The NRS, the SSS and the FSS, and nerve conduction studies were performed before, and three months after, the LCI.
Electrophysiological evaluation
Electrophysiological examinations were performed using the Medelec Synergy 10 channel (Oxford, UK) electromyography (EMG) machine. All measurements were carried out by the same neurophysiologist, while maintaining the skin temperature between 31°C and 34°C. Conventional surface electrode techniques were used. Motor nerve conduction studies for the median nerve were recorded from the abductor pollicis brevis muscle at a distance of 8 cm. Orthodromic sensory nerve conduction studies of the median nerve were stimulated from the index finger with ring electrodes and recorded at the wrist. In this position the distance from the stimulator was 14 cm. The normal values used in our study were as follows: 1) Median nerve sensory peak latency; upper limit of normal = 3.6 ms 2) Median nerve motor distal latency; upper limit of normal = 4.1 ms
3) Median nerve motor conduction velocity; lower limit of normal = 49 m/s 4) Median nerve sensory conduction velocity; lower limit of normal = 49 m/s 5) Median nerve compound motor action potential (CMAP) amplitude; lower limit of normal = 4.9 mV.
The severity of CTS was classified into three groups: mild (prolonged median sensory peak latency and/or reduced median sensory velocity), moderate (prolonged median sensory peak latency and prolonged median motor distal latency), and severe (reduced median CMAP) 11 .
Needle EMG was performed if there was a suspicion of cervical radiculopathy or median axonal degeneration. All patients with severe CTS underwent needle EMG of the abductor pollicis brevis muscle. Ulnar nerve conduction studies were carried out routinely on all patients.
Injection procedure
The course of the medial flexor carpi radialis and palmaris longus tendons, 1 cm proximal to the distal palmar crease, was identified and marked. Following the preparation of the skin using an antiseptic solution, a 22 G needle was inserted at 60 degrees to the skin surface. After negative aspiration, a mixture of local anesthetic 1 mL of 0.5% bupivacaine and 40 mg (1 mL) of methylprednisolone was injected on the volar side of the forearm between the tendons of the flexor carpi radialis muscle and palmaris longus muscle. Patients were then observed in the ward for a minimum of 30 minutes. Wrist splinting was suggested for all patients after the injection procedure.
Statistical analysis
The SPSS Statistics for Windows, version 23.0 (SPSS Inc., Chicago, Ill., USA) was used as the statistical analysis program. Descriptive statistics (mean, standard deviation, frequency, and percentage) were used for the demographic and clinical characteristics. The ANOVA with repeated measures test was used to compare follow-up outcome measures. Categorical data were compared using the chi-square test or Fisher's exact test. A p-value of < 0.05 was considered to be statistically significant.
RESULTS
Twenty women and five men (45 wrists, 20 bilateral) with a mean age of 49.28 ± 11.37 years and an age range of 28-78 years were included in the current study. The mean duration of the symptoms was 2.29 ± 0.99 years. Details of the demographic and clinical characteristics of the study group are given in Table 1 .
A lower income and level of education were significantly associated with a higher score on the SSS (p = 0.008 and p = 0.04, respectively), NRS scores (p = 0.005 and 0.017, respectively), and FSS (p = 0.008 and p = 0.04, respectively). Duration of symptoms and sex were not associated on the SSS (p = 0.068 and p = 0.059, respectively), FSS (p = 0.071 and p = 0.069, respectively) and NRS scores (p = 0.12 and p = 0.22, respectively) (all p-values > 0.05). Patients with a positive Tinel's sign and Phalen's test had significantly higher scores on the NRS, SSS, and FSS (p = 0.043, p = 0.032, p = 003, respectively). Higher NRS and FSS scores were correlated with hand dominance (p = 0.01) and age (p = 0.021).
Mean NRS, SSS and FSS scores declined significantly three months after the LCI for all patient groups according to CTS severity (all p-values < 0.05). Comparison of changes in mean pre-and post-injection scores on the NRS, SSS and FSS is shown in Table 2 . Duration of symptoms, age, sex, hand dominance, and level of education did not have any significant effect on the improvement on the SSS and FSS scores (all p-values > 0.05); however, an older age and longer duration were related to improved mean scores on the NRS (p = 0.041 and p = 0.044). The three-month clinical evaluation showed a significant difference in terms of the Tinel's sign and positive Phalen's tests (p = 0.023 and p = 0.023, respectively).
Changes in mean median nerve conduction study findings during the follow-up period are shown in Table 3 . The comparison of patient groups using ANOVA variance analysis and post hoc studies evaluated the effects of the LCIs (Table 4 ). There was a significant decrease of sensory peak latency in the severe CTS group (p = 0.001). Post hoc testing for sensory peak latency showed a greater improvement in the severe CTS group than the patients with mild CTS (p = 0.017). Sensory velocity increased significantly in the mild and moderate CTS groups (p = 0.043 and p = 0.023, respectively); however, there was no significant difference between the three groups. Motor distal latency decreased significantly in the moderate and severe CTS groups and the means of the three groups differed significantly (all p-values < 0.05). Motor velocity increased significantly only in the mild CTS group (p = 0.013). No significant improvement was detected for CMAP values in the three groups after LCI (all p-values > 0.05). There was no relationship between median nerve conduction study findings, demographic characteristics, and the clinical evaluation, while a younger age was related to a significant increase in sensory conduction velocity, but there were no significant changes in any of the other neurophysiologic parameters by the third month after the injection (p = 0.037).
Age showed a negative correlation with the change of mean NRS scores (p = 0.033; r = -0.319). After injection, older patients had a lower pain severity. In addition, there was a significant negative correlation between age and sensory velocity (p = 0.037; r = 0.-312). However, neither level of income, education, nor duration of symptoms showed a correlation with changes in mean pain severity, symptoms and functional status scores and neurophysiological parameters.
The severity of CTS according to electrodiagnostic findings before and after LCI injection is given in Table 5 . Before injection, there were 19 patients with mild CTS, 19 patients with moderate CTS, and seven patients with severe CTS. After LCI injection, the number of patients with mild CTS increased from 19 to 25, and the number of patients with moderate and severe CTS decreased.
Most post-injection complications were minor and transient. Complications were as follows: 12 patients had temporary numbness, four patients reported increased pain on the injection day, four patients had wrist flexor or extensor weakness and three patients had pain at the injection site. Infection, hematoma, paralysis, and nerve injury were not reported.
DISCUSSION
This study aimed to demonstrate the outcomes pertaining to the management of CTS after performing a local injection using a mixture of corticosteroid and local anesthetics at a three-month follow-up. After treatment, changes of sensory conduction velocities, sensory peak latency, and motor distal latency were found to be statistically significant. Based on the statistical significance and clinical effectiveness, the results of this study suggest that local injection of a corticosteroid in the treatment of CTS is effective and safe in the reduction of pain intensity and symptom severity, contributing to increasing functioning of the hand. The effectiveness of treatment continued throughout the follow-up period. Although LCIs are considered in most patients with mild-to-moderate CTS 14 , our findings showed that patients who refuse surgical intervention may benefit from the injection. A number of randomized controlled trials have documented the treatment efficacy of LCI in patients with mild and moderate CTS 7, 10, 15 . We found that improvement of mean pain severity, symptoms and functional status scores did not differ between mild, moderate and severe CTS patient groups. All the groups had better clinical outcomes after injection at the three-month follow-up. The results of the current study support that LCI might be considered for patients with more advanced CTS in any case of contraindication to surgery. Our findings of the relationship between the clinical and demographic characteristics and electrodiagnostic studies before the procedure concur with the previously-published literature 7, 10, 16 . Despite the fact that the demographic characteristics of the patients did not show an association with symptom severity and functioning, the procedure resulted in the improvement of pain intensity in patients with an older age. This may be explained by the fact that, in this study group, compared with older patients, young patients were more often employed, and they may have suffered traumatic and repeated injuries. In the current study, it was found that younger age was correlated with a significant increase in sensory conduction velocity. Myelin dysfunction due to entrapment of the median nerve is responsible for reduced conduction velocity 17 . The LCI into the carpal tunnel may reduce tendon swelling, edema, and tissue pressure, and lead to remyelination 18 . The ability of the fibers to remyelinate is faster in younger patients than in older patients with CTS. This may be the reason for the significant increase in sensory conduction velocity in our young patient sample following LCI. Nerve ultrasound is a useful and painless screening tool. In a single-blind prospective trial by Ustun et al., the authors reported that the ultrasound-guided injection group had greater improvements in symptom severity scores than the direct injection group at the three-month follow-up 16 . Lee et al. evaluated the degree of symptom improvement after sonographically-guided and blind local steroid injections. After 12 weeks, they found that there was no significant difference in symptom severity scores between the out-plane ultrasound-guided injection and direct injection groups 19 . In a double blind randomized controlled trial, Chen et al. assessed the effectiveness of ultrasound-guided versus direct-approach injections for CTS 15 . They reported that they did not observe any difference in the clinical evaluation of the outcomes of the two groups, similar to the findings of Lee et al. Ulnar approaches between the palmaris longus and flexor carpi radialis tendons, or just medial to the palmaris longus tendon, have commonly been performed as a successful blind injection technique for CTS treatment [20] [21] [22] . The improvement in clinical evaluation in the current study is in accordance with previous studies 2, 11, 15, 16 . In our sample, most post-injection complications were minor and transient. However, in the practice of blind injections, there is a risk of serious complications such as nerve and artery injury and hematoma. For this reason, we highly recommend these procedures be performed by experienced physicians.
The treatment of patients with CTS requires a generalized approach with pharmacologic, physical, and surgical treatment, including conservative and interventional therapies such as anesthetic block, corticosteroid injection, and carpal tunnel release surgery 7, 23 . In a randomized clinical trial by So et al., researchers compared local steroid injection versus wrist splinting for their short-term clinical effects on CTS 24 . They found a significant improvement in the SSS scores in both the steroid group and splinting group, four weeks after treatment. However, no improvement was found in the finger dexterity test in the splinting group. On the other hand, Sevim et al. compared the long-term effectiveness of steroid injections and splinting in mild and moderate CTS, and stated that only splinting provided symptomatic relief while injections of steroids were ineffective at the one-year follow-up 25 . Although wrist splints used as adjuvant treatment seem to improve pain, in spite of any significant evidence in the Cochrane Database analysis 26 , in our experience, wrist splints helped patients with CTS to become more aware of their injured hand while using it in their daily life. For this reason, after injection, all participants of this study were encouraged to use splints. The decision of the types of steroids and local anesthetics, and their appropriate dosages for the treatment of CTS, still remains controversial. There have been studies reporting the efficacy of LCIs at different dosages in patients with CTS [27] [28] [29] . In their randomized controlled trial, Karimzadeh et al. reported that 20 mg triamcinolone and 40 mg methylprednisolone had provided a significant improvement in pain and functional status 29 . Due to different study designs and features of patients with CTS in the current literature, the most efficient type of steroid and its dosage is unclear. Methylprednisolone and triamcinolone are the most popular corticosteroids used for local injections in patients with CTS 30 . In addition, there is inadequate evidence for the best choice of local anesthetic and its dose. In the current study, we performed LCIs using a mixture of a long-acting amide local anesthetic (bupivacaine) and methylprednisolone. This combination had been reported to provide an excellent and long-lasting analgesia for the management of pain. Mirzai et al. reported that a mixture of corticosteroids and bupivacaine lowered the incidence of back pain after laminectomy in the postoperative period 31 . Intrathecal administration of methylprednisolone with bupivacaine was found to decrease the pain scores in patients with postherpetic neuralgia 32 .
According to the American Academy of Orthopedic Surgeons' clinical practice guideline on the treatment of CTS, electrodiagnostic tests and clinical evaluation are recommended for the diagnosis of CTS and decision making for carpal tunnel release surgery 33 . Surgery is generally inappropriate for mild-to-moderate symptoms without electrodiagnostic confirmation and previously-attempted conservative treatment. For severe symptoms, surgery is broadly indicated where there is an abnormal electrophysiological assessment or unsuccessful conservative treatment options 34 . Comparison of LCI and surgical interventions have been undertaken in several studies. Ly-Pen et al. compared the one-year follow-up effects of local steroid injection and surgical decompression and reported that LCIs provided a better clinical improvement in the short term, while it was as effective as surgical decompression after one year 35 . Gurcay et al. investigated the effectiveness of LCI and surgery in the treatment of patients with severe CTS. They reported that LCI and surgical decompression achieved significant clinical and electrophysiological improvements within a three-month period without superiority of one treatment over other 36 . The authors recommended that LCI could be applied as a less-invasive treatment alternative in patients with severe CTS. Favorable improvements in the clinical evaluation were found in patients with severe CTS in the present study. Our findings support that LCI might be a promising treatment option in patients with severe CTS for whom surgical decompression cannot be considered.
Lack of a control group is an important limitation of this study. The use of a placebo control in any neural intervention is a difficult task, adding ethical issues and difficulties. In addition, because of the subjective nature of the NRS, symptom severity and functional status questionnaire scores, pain experienced by patients during the treatment period may not be reflected objectively. However, determining the improvement in median nerve conduction studies and traditional physical examination measures are the strength of the current study. The difference in the current research from other studies is the evaluation of the effects of LCI for patients with severe CTS.
Although the relatively-short duration of follow-up limits the significance of our results, we conclude that blind CTS injections with a mixture of local anesthetics and methylprednisolone are a safe, simple, and effective technique, without serious and permanent adverse effects. Because of the heterogeneity of techniques for the treatment of CTS, LCIs may be considered as a useful treatment option for patients with CTS who have failed conservative treatments. Furthermore, LCI therapy may be considered as a treatment alternative for patients with moderate and severe CTS who refuse to undergo surgery. A longer-term follow-up of participants would be required to determine how long the effects would last.
